Abstract-This paper mainly aims to study the performance of objective assessment methods of image quality. It take into consideration the correlations between each objective assessment and the subjective assessment in order to determine objective test performance. Three objective assessment methods used in this study are the Structural Similarity (SSIM) index, the Peak Signal-to-Noise Ratio (PSNR) and the Mean Squared Error (MSE) calculating algorithm. The resulting data indicate what type of objective assessment was most suitable for which type of impairment imposed upon an image. This is clarified using the Pearson Correlation Coefficient as described in the paper. As an overall, SSIM index had the best correlation characteristics to the subjective assessment, followed by the MSE calculating algorithm. From this study, a better understanding of the requirements for developing an efficient image quality assessment method was gained.
INTRODUCTION
Image quality analysis is the science of analysing, then comparing the characteristics and features of an image with reference to original image of predetermined/preset standards [1] . Depending on the existence of reference images, there are three categories of image quality metrics (IQMs); fullreference (FR), reduced reference (RR) and non reference (NR).
The objective method is unbiased and automated. It provides a result that is faithful to all assigned parameters. The subjective method requires the use of human discretion to decide the level of the image's quality. This method is subject to bias in the form of the tester's taste and preferences. However, the result of a subjective analysis is very often a more trusted method as it is only natural for people to judge with their own eyes. The demerit of subjective assessment is time and labour consuming while the demerit of objective assessment is that it may not be reliable [1] .
Most digital image analysis processes try to simulate the human visual cortex as it is a known fact that the human eye remains a very superior judge of image quality. For example, if the computer saying the image is of a good quality but a human saying it is of a bad quality, the image will most likely be scrapped. Therefore, the computer's reliability and accuracy will be considered low if there is a poor correlation between its results and the human eye's judgment.
Image quality analysis measures should be employed to determine the usability of images after they have undergone any kind of manipulation, for example, compression, transmission or conversion [2] . Therefore, studying the various approaches to image quality analysis will provide information on what method of image quality assessment can be efficiently employed under which circumstances. Available IQMs are developed based on color appearance, blurs assessment, wavelet, pixels comparison, hue and saturation and etc [3] [4] [5] [6] [7] . Among the available metrics, PSNR, MSE and SSIM are widely accepted and applied [3] . However, there are not much effort had made to equally compared this three metrics [8] [9] [10] .
The scope of the paper is to determine correlations between objective and subjective image quality analysis results. This paper aims to verify which method has the best correlation characteristics with subjective assessment. In order to achieve that, a number of objective assessments will be conducted and compared to a corresponding subjective assessment. The subjective assessment will become a standard or benchmark of the actual quality of the image. Thus, all objective tests that are performed can be evaluated fairly. The results should reflect the validity of the objective test considering the time needed to conduct it and its practicality. 
II. METHODOLOGY
Four assessments were modeled consist of three objectives and one subjective assessments. A subjective assessment was conducted using a sample set of 34 images and 80 participants. The sample set consists of one reference image and 33 digitally altered images using 4 categories of operations namely, morphological operations, noise-adding, format conversion and filtered images. The results of this subjective assessment were tabulated as Mean Opinion Score (MOS) values ranging from 1 to 5, with 5 being the highest quality. These values will be further used as our target for the network.
Then, three objective assessments were conducted with the aim of determining the Mean Squared Error (MSE), the Peak Signal-to-Noise Ratio (PSNR), and the Structural Similarity (SSIM) [3] between the reference image and the sample images. The results of all 4 image quality assessments were then tabulated and analyzed to determine correlation characteristics using Pearson Correlation Coefficient between each objective and subjective assessment.
A signal processing system was created using the Image Processing Toolbox in MATLAB, as displayed in Fig 1. This block-set is mainly used to calculate the Peak Signal to Noise Ratio (PSNR) in decibels between the reference 'lena' image and the altered sample image. The reference image, 'lena' image and each of the thirty-three sample images were called into the altered image block one at a time and the block-set was simulated to obtain the PSNR values. Then, the images were run through a MSE calculating algorithm and SSIM algorithm written in MATLAB. The reference image was stored as variable x and the sample image to be tested was stored as variable y. The reference image along with the sample images are as shown in Fig. 2 . 
III. RESULTS AND DISCUSSIONS
For the purpose of analysis, correlation of these IQMs based on categories of degradation is calculated. Table I displays the correlation between each objective assessment with the subjective assessment based on category of digital alteration for the sample set of 34 images. Table I indicates that the SSIM algorithm achieved a satisfactory degree of correlation to the subjective assessment for every category except the format converted images. The MSE algorithm had satisfactory correlations for 2 out of 4 of the categories and the PSNR performed the worst with negative correlations for 3 out of 4 categories. The results revealed that even though objective assessment could not achieve a satisfactory level of correlation to the subjective assessment in overall, each of the assessments does performed well in analyzing the image quality for certain categories.
A. Data Trend of IQMs (PSNR, MSE and SSIM )vs MOS
The correlation to the subjective assessment merely reflects the fact that the objective assessment in question is dipping and gaining in a similar manner to the subjective assessment results. The data series will reflect if the ratings provided by the objective assessment in question are actually reflective of the ratings provided by the subjective assessment. Fig. 3 displays the data trend of the MOS data series versus the SSIM data series. For the SSIM Index algorithm, the trend of the SSIM shows that the results are not very sensitive to the MOS ratings. For instance, the algorithm can detect the presence of distortion or impairment but it does not realistically reflect the magnitude of the impairment. This is especially true for the filtered images. There is a big discrepancy in the magnitude of the ratings, despite the fact that it has a significant correlation (p<0.01) with almost 0.7 correlation for this category. Fig. 4 shows that it can be used to determine if the image has been impaired in any way. However the magnitude of the impairment cannot be determined by using MSE. However, as a drawback, the MSE cannot indicate a value that is higher than the reference image, a negative value for example to indicate negative error (improvement) to the image. The SSIM algorithm works by modelling any image distortion as a combination of three factors such as loss of correlation, luminance distortion and contrast distortion as described in [3] . Thus it covers the general range of image distortions that have been applied to the reference image in this study. This explains its ability to adequately correlate to the MOS readings. However, its sensitivity to the degree of distortion cannot yet match the MOS readings.
B. Overall Statistical Analysis of Subjective Assessment
A statistical analysis of the subjective assessment was conducted to determine the standard deviation and confidence interval at a 95% confidence level for each MOS reading. The results of this statistical analysis are displayed in Table II .
Concerning the statistics of the subjective assessment, the results are based on the assumption that the subjective assessment was the benchmark indicator of the supposed quality of each image. Each objective assessment was compared against the subjective assessment's results. To study the validity of the subjective assessment, the standard deviations, σ and confidence intervals (CI) for each MOS reading was determined. The results from Table II The standard deviation is the measure of how widely the values are dispersed from the mean. From the standard deviation range, it can be seen that some datum are dispersed by more than one MOS. The average standard deviation of 0.831 already approaches one MOS. This amount of dispersion indicates that the participants were not unanimous in their evaluations. The participants provided varying assessments per image. The dispersion here was expected and could have been due to bias, which is the main factor that affects human assessment.
Such biases can be justified as due to the participants own personal preferences. The participants came from two main categories: knowledgeable and naïve. The knowledgeable group comprised of participants who were undertaking an electronics degree and had some exposure to image analysis whereas the naïve group comprised of participants who were undertaking business, creative arts and human resource degrees and had no knowledge of image analysis. There were no expert participants. Based on Table III , it can be seen that the knowledgeable group had a higher standard deviation for 5 images out of the 25 images. Based on the fact that the standard deviation for the entire group is actually an average between the standard deviation of the knowledgeable and the naïve group, it stands to reason that the naïve group had a higher standard deviation for the remaining 20 images. Subsequently, this means that the naïve group introduced more bias to the evaluation as compared to the knowledgeable group.
Another factor that caused the dispersion was the constant re-evaluation of the participant's assessment standards. This means that the participants were shown the images in the sequence as displayed in Table II , and as they were exposed to more and more images, they began to classify the images in a general manner according to their supposed definition of quality. This, coupled with the Opinion Score (OS) definitions provided, formed the basis of their assessment. Opened (16) The data trend of the standard deviations as displayed in Fig. 6 is examined to further explore the constant reevaluation hypothesis. It can be seen that for the first evaluation (images 1 to 26), the standard deviation is small for the reference image (indicating that the reference image was rather generally accepted to be of a good quality), and rather erratic for other images. To further elaborate, several points of interest are marked in Fig. 6 . Fig. 6 indicates the dispersion per MOS reading. It can be seen that the reference image had a low dispersion. Subsequently, by assuming that the dispersion for the reference image is low (as indicated by the diamond cut-off line), there were only 5 images that had an equally low or lower dispersion (as indicated by the four-point starred arrows). The rest of the data was more dispersed, especially the images that were sequentially degraded such as the morphologically altered images and the noised images. The point to notice here is that for the images within the circle, the dispersion had a steady high low sequence. For the images after the circle, the dispersion had less peaks and seemed to decline to indicate lower dispersion until it finally went high again for the last 4 images. This shows that for evaluation of images after the circle, the participants had more or less begun to come to less dissimilar opinions on the quality of the image. This conclusion was reached by observing the shift in erraticity from erratic (within the circle) to less erratic (outside of the circle) of the dispersion values (standard deviations). For the confidence intervals, the average value was 0.247. This means for the subjective evaluation, the confidence interval is MOS ± 0.247. Thus the probability of obtaining a varying MOS reading per image that falls within the range of MOS ± 0.247 is more than 0.05. However the probability of obtaining a varying MOS reading per image that falls outside of this range is less than 0.05. In summary, the chances of obtaining any new MOS value that deviates by more than 0.247 is less than 5%. Thus the subjective assessment accounts for the biased opinions of the sample participants and has an acceptable deviation of ± 0.247 at a 95% confidence level.
IV. CONCLUSIONS From this study, there are several conclusions to be drawn. The subjective assessment provided a true and reliable indication of image quality as shown by the confidence interval of ± 0.247 at a 95% confidence level by taking into account the human bias of perception (as shown by the standard deviation in the range of 0.561 ≤ σ ≤ 1.133). Also, the standard deviation of the MOS readings can be reduced by creating a large sample set. For the issue of bias, naïve participants have a tendency to introduce more bias into the evaluation as compared to knowledgeable participants.
The SSIM index had the best correlation characteristics to the subjective assessment, followed by the MSE calculating algorithm. The PSNR Block-Set is considered to have failed at correlating adequately for nearly every image with the exception of the format converted images to the subjective assessment. This study can stand to confirm that the developers of the SSIM index have indeed developed a reliable and accurate system for analysing image quality, considering its simple structure.
There are many more objective assessment methods using many different means of assessing image quality available currently. However, due to time-constraints, only the traditional PSNR and MSE metrics were used along with the newly innovated, namely SSIM method.
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